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How do Chinese readers identify phonetic and semantic radicals from compound 
characters? : Database and behavioral data analysis 
Lam Kwan Hung 
 
Abstract 
Recent studies have indicated that Chinese readers decompose phonetic-semantic compound 
character into radicals and retrieve information about pronunciation and meaning of that 
character. To accurately retrieve the pronunciation of a character, readers need to identify the 
phonetic radicals from the constituent radicals. A database on radicals of Chinese characters 
appears in primary school textbooks was established. Radical property (absolute phonetic, 
absolute semantic or ambiguous) and the positional consistency of the radical were coded for 
each radical. Analysis of the database regarding the factors mentioned developmentally. It 
serves as a foundation to investigate the process of phonetic and semantic radical 
identification. To study identification strategies employed by readers, an experiment was 
conducted. Adult participants were required to identify phonetic and semantic radicals from 
pseudo-characters of left-right configuration with varying radical properties and positional 
consistencies. Results suggest that readers consider the radical property and positional 
consistency at the same time to make their decision.  
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How do Chinese readers identify phonetic and semantic radicals from compound 
characters? : Database and behavioral data analysis 
According to the database developed by Leung & Lee (2002), primary one students in 
Hong Kong are exposed to 1382 different Chinese characters in their Chinese and General 
Studies textbooks. The number increases to 3841 when students complete their 6 years of 
primary school education. Using rote memory to learn the form, meaning and pronunciation 
of characters may be ineffective and difficult if not impossible. A systematic and organized 
representation of characters will be needed to meet the need for storing and retrieving 
characters quickly and accurately (Chen, Shu, Wu & Anderson, 2003). How could most 
children accomplish this task?  
In alphabetic script systems such as English, there is an effective way to work out 
pronunciations of novel words. The overarching principle is that letters correspond to 
segmental phonemes (Liberman, Shankweiler & Liberman, 1989; Treiman, 2000), which 
some authors referred that as the grapheme-phoneme correspondence (GPC) rule (Gibson, 
Pick, Osser & Hammond, 1962; Ehri, 1998). Take the example in cited in the study of Gibson 
Pick, Osser and Hammond, (1962, pp. 554-555), ‘the pronunciation of monosyllable word 
‘CLEATS’ can be formulated by the initial-consonant spelling, CL; vowel spelling, EA; and 
final-consonant spelling, TS’. The rule can help readers to derive pronunciations of words, 
even novel words.  
Chinese writing script, on the other hand, is logographic in nature. It is ‘profoundly 
different from alphabetic systems’ (Shu, Chen, Anderson, Wu & Xuan, 2003, p.27). The 
correspondence between orthography and phonology is not as straight forward as in 
alphabetic scripts, the correspondence is more indirect and arbitrary. Knowing more about the 
nature of Chinese writing system can provide clues to investigate how readers manage to read 
How do Chinese     4 
 
new and novel words. 
Chinese Writing System 
Chinese characters are made up of cluster of strokes, which strokes do not correspond to 
particular speech sounds or meaning directly. Frost (1992) suggested that Chinese is an 
orthographically deep language. It means the prediction of pronunciations of characters may 
not be reliable. No explicit and reliable rule that similar to that of alphabetic scripts which 
specify the mapping between graphemes to phonemes. However, recent studies showed that 
readers are able to analyze internal structures of Chinese characters, named as radicals, to aid 
recognition and learning of the characters (Wu, Zhou & Shu, 1999). Radicals are recurring 
subcharacters that formed by combined strokes. (Taft & Zhu, 1999). A large proportion of 
Chinese characters are composed of at least two radicals (Feldman & Siok, 1997), which can 
be named as compound characters. For example, compound character 植 /zik6/, to plant1 is 
composed of two radicals 木 /muk6/, wood and 直/zik6/, straight. 
Among compound characters, phonetic-semantic compounds accounts for 74% 
according to the repertoire of Hong Kong primary students (Leung & Lee, 2002). Each 
phonetic-semantic compound is composed of a phonetic radical and a semantic radical. 
Phonetic radical gives full or partial information of the pronunciation of the whole character. 
Semantic radical suggests the meaning or semantic category of the whole character. For 
example, 直/zik6/, straight is the phonetic radical while 木 /muk6/, wood is the semantic 
radical of the character 植 /zik6/, to plant. 
The experiment of Anderson, Li, Ku, Shu and Wu, (2003) on Mandarin and Cantonese 
speaking children showed that participants as young as second grade has the ability to use 
partial information in phonetic-semantic compound characters. A total of 28 unfamiliar 
                                               
1 Cantonese pronunciation, a dialect of spoken Chinese, of characters is denoted using LSHK transcription 
scheme, tone is denoted as the number following the transcription. meaning of the word is denoted in the Italic 
word(s) following the transcription. 
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phonetic-semantic compound characters were pronounced by the experimenter one-by-one in 
random order to second and forth grade participants. After 2 trials of pronunciations, 
participants were instructed to indicate the pronunciation of those characters by writing 
pinyin of the characters, which is similar to writing down the spelling of English words. 
Characters used in the experiment were categorized into four types, varying in the amount of 
information about pronunciation provided by the phonetic radicals. They were (a) regular 
characters, the phonetic radical has identical pronunciation (rime, onset and tone) with the 
whole character (for example,清 qing[1], clear2 with phonetic radical 青 qing[1], blue); (b) 
tone-different characters, the phonetic radical provides partial information (rime and onset) to 
the whole character (for example, 請 qing[3], to request with phonetic radical 青 qing[1], 
blue); (c) onset-different characters, the phonetic radical provides partial information (rime 
and tone) to the whole character (for example, 精 jing[1], essence with phonetic radical 青 
qing[1], blue); (d) characters with phonetic radicals that children do not know, therefore the 
phonetic radicals do not provide any information to the children. The performance on regular 
characters, tone-different characters and onset-different characters was significantly better 
than that of characters with unknown phonetic radicals. This indicated that children were able 
to make use of the partial information embedded in the orthographic forms of characters to 
help them to retrieve the phonologic forms during novel words reading, even they were never 
taught explicitly to rule which governs the mapping between orthography and phonology of 
Chinese characters. 
Reading Novel Words 
Primed naming experiment done by Wu, Zhou and Shu (1999) suggested that Chinese 
readers activate phonological information by decomposing compound characters into 
                                               
2 The study is in Mandarin. Mandarin pronunciation of words is denoted using pinyin, tone is denoted as the 
number in []  
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phonetic and semantic radicals. This sublexical processing is parallel to whole-word 
processing. Third and sixth grade participants were instructed to name target characters 
shown, with a prime character appeared shortly beforehand. The prime may be (a) irregular 
complex characters that embedded homophonic phonetic radical with target character (e.g., 
Target: 美 mei[3], beautiful; Prime: 海 hai[3], sea with phonetic radical 每mei[3], every) 
(b) control characters with balanced frequencies and stroke numbers. Result showed that 
reaction times of characters with primes of homophonic radical were significantly faster than 
that of control primes. Decomposing a whole character into radicals is a promotion of reading 
skills. Recognition of characters advance from read as ‘gestalt’ (Ehri, 1991) to the building of 
orthography-phonology knowledge among the Chinese script system.  
The insight for learning to read different phonetic-semantic compound characters 
continues to develop. Regularity and consistency rules, or ‘phonetic principle’ according to 
Anderson, Li, Ku & Shu, (2003), or orthography-phonology correspondence (OPC) rules 
according to Chen, (1993), enable children systematically store and retrieve learnt 
phonetic-semantic compound characters. According to Ho & Bryant, (1997), when the 
phonetic radical is a real character itself and a reader knows the pronunciation of it, the reader 
can derive the pronunciation of the character directly. This is considered as the utilization of 
the regularity rule. For example, pronunciations of characters 瑯 /long4/, jade, 螂 /long4/, 
insect and 廊 /long4/, corridor can be derived from the phonetic radical 郎 /long4/, young 
man. When the phonetic radical is unpronounceable, the reader can deduce the pronunciation 
by when the reader is able to aware of the pronunciation of the whole family of characters 
with the same phonetic radical. This is considered as the utilization of consistency rule. For 
example, pronunciation of 瑙 /nou5/, agate can be deduced from knowing the pronunciation 
of family members with same phonetic radical 腦 /nou5/, brain and 惱 /nou5/, worries.    
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When a reader is asked to read aloud a new or unfamiliar phonetic-semantic compound 
characters, the reader need to first of all decompose the characters into phonetic and semantic 
radicals. Then the reader have to decide whether to apply regularity, or consistency rules to 
derive or deduce the pronunciations of the characters.  
One missing link lies between these two steps: reader must identify which of the 
decomposed radicals is phonetic radical in order to be success in the process of reading aloud. 
To illustrate, when a child see the word 植 /zik6/, to plant first she need to decompose the 
character into 木 /muk6/, wood and 直 /zik6/, straight. Then she need to identify 直 /zik6/, 
straight is the phonetic radical. The last step she need to apply regularity rule to read 植 
/zik6/, to plant as 直 /zik6/, straight. If the identification of radicals fails, although the 
decomposition and OPC rules are appropriately perform, the child may pronounce the 
character 植 /zik6/, to plant wrongly as 木 /muk6/, wood. The hypothesized process of 
reading aloud involves three-steps, illustrated in Diagram I. 
 
Diagram I. Hypothesized process of reading aloud. 
 
The identification of phonetic and semantic radicals 
There were a number of studies investigating the decomposition of compound characters 
(Hue, 1992; Wu, Zhou & Shu, 1999) and the application of regularity or consistency rule 
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(Anderson, Li, Ku & Shu, 2003; Chen, Shu, Wu & Anderson, 2003). However, there is no 
study on the identification of radicals, which is a crucial part of the reading aloud process.  
Identify phonetic or semantic radicals may not be an easy task. Even when the number 
of radicals is less than that of characters, it may still be difficult for children upon exposure to 
memorize all radicals as semantic radicals or phonetic radicals. Especially for those radicals 
which can act as both phonetic and semantic radicals. For example, 禾 /wo4/, rice act as a 
phonetic radical in 和 /wo4/, and; and at the same time act as a semantic radical in 種 
/zung3/, to plant.  
Radicals also vary in position, phonetic radicals may appear on either left (工/gung1/, 
work in 功/gung1/, accomplishment) or right (甘/gam1/, sweet in 柑/gam1/, tangerine) in 
left-right configuration; or they may appear either on top (取/ceoi2/, to take in 娶/ceoi2/, to 
marry) or bottom (巴/baa1/, to expect in 笆/baa1/, hedgerow) in top-bottom configuration; or 
inside (袁/jyun4/, a surname in 園/jyun4/, garden) in enclosed configuration. Readers face 
different difficulties during the identification process. How do most Chinese readers perform 
such task successfully in their daily contact with numerous phonetic-semantic compound 
characters? 
Readers may be easier to work out which radical is phonetic radical when some radicals 
always act as phonetic radical and some always act as semantic radicals. Or in a certain 
position the radical will act as phonetic radical. However, information that currently available 
do not show to what extent of difficulties Chinese readers are facing. This study will 
investigate factors and processes involved in the identification of phonetic and semantic 
radicals from compound characters. An analysis of properties of all Chinese characters and 
their constituent radicals on radical properties and positional consistency will provide 
valuable information to investigate and deduce possible strategies for Chinese readers to 
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identify radicals.  
Database can be a good start to provide sufficient information as the foundation of 
analysis. Current database such as Hong Kong Corpus of Primary School Chinese (HKCPSC) 
(Leung & Lee, 2002) and School Chinese (Shu et al.,2003) provided different information on 
both written and spoken form of Cantonese (a dialect of Chinese) and Mandarin. However, 
these databases focus on information of characters such as ratio of phonetic-semantic 
compounds, visual complexity, or phonetic regularity. To investigate the issue ‘how to 
identify phonetic and semantic radicals’, more information concerning radicals should be 
needed. 
To meet the purpose of the study, a new database on radicals should be established. 
Information indicating radical property (which specifies its ability to be a phonetic or a 
semantic radical) of each radcial in all characters it constructed and the positional consistency 
of the radical in a character will be essential. Analysis of this new database will gives us clues 
on the challange Chinese readers face when are made to identify which radical is the phonetic 
radical.  
 
Methodology 1 – Database Analysis 
FileMaker Pro 10 was used to establish a new database, Radicals of Primary School 
Chinese (RPSC). Some of the basic information for the new database are extracted from 
Hong Kong Corpus of Primary School Chinese (HKCPSC) (Leung & Lee, 2002) as the 
foundation of the newly built database. HKCPSC contains Chinese characters in Chinese and 
General Studies textbooks four different publishers among six years of primary school 
education. Each character is coded with its constituent phonetic and semantic radical and 
their appearing positions.  
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Phonetic and semantic radicals from HKCPSC were exported to generate records named 
‘radical’ of the new database, RPSC. Duplicated radicals were deleted. The record ‘radical’ in 
the new database contains all radicals that appear in primary one to six Chinese and general 
studies textbooks. Each record of ‘radical’ is unique in RPSC to ensure.  
Using relational database function of FileMaker Pro, the new database was related to 
HKCPSC to lookup information accordingly. The record ‘radical’ in the new database 
matches the field ‘phonetic radical’ and ‘semantic radicals’ in HKCPSC to lookup 
information (see Diagram II) and create different fields under each record. 
 
Diagram II. Schematic diagram showing the relation between databases. 
 
Fields created includes (i) ‘char_pho’ and ‘char_sem’, characters which the field 
‘radical’ act as phonetic (or semantic) radical of the characters (For example, radical 爪 
/zaau2/, claws act as phonetic radical of character 抓 /zaau2/, to grab; and act as semantic 
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radical of character 爬 /paa4/, to climb So the record 爪 has ‘char_pho’ of 抓 and ‘char_sem’ 
of 爬); (ii) ‘pos_pho’ and ‘pos_sem’, positions of the phonetic (semantic) radicals in each 
‘char_pho’ (‘char_sem’); (iii) ‘type_pho_P1’ to ‘type_pho_P6’ and ‘type_sem_P1’ to 
‘type_sem_P6’, number of characters that the record ‘radical’ act as phonetic (semantic) 
radicals in each grade. (For example, in primary 1, 迷 /mai4/, confuse acts as phonetic 
radical of one character 謎 /mai4/, riddle; in primary 6, 迷 /mai4/, confuse acts as phonetic 
radical of two characters 謎 and 瞇 /mai1/, narrow one’s eyes to see. For the record 迷, 
‘type_pho_P1’ is 1 and ‘type_pho_P6’ is 2.); (iv) ‘token_pho_P1’ to ‘token_pho_P6’ and 
‘token_sem_P1’ to ‘token_sem_P6’, these fields are similar to that of (iii), but it represent a 
frequency-weighted measure. (Take the example of record 迷 again, in primary 6, 謎 
appears 18 times and 瞇 appears 9 times in the textbooks. For the record 迷, ‘token_pho_P6’ 
is 18+9 = 27) 
Each radical is also coded with the field ‘property’. Property of the radicals is 
categorized as (1) ‘absolute phonetic’; (2) ‘absolute semantic’ and (3) ‘ambiguous’. When a 
radical can only be phonetic radicals (or semantic radicals) of characters, that radical’s 
property is regarded as ‘absolute phonetic’ (or ‘absolute semantic’). For example, radical 昌 
/coeng1/, flourishing can only be phonetic radical of characters 唱 /coeng3/, sing and 倡 
/coeng1/, advocate. The property of radical 昌 will be absolute phonetic. When a radical can 
act as the phonetic radical(s) for one or some character(s) and at the same time act as the 
semantic radical(s) for another character(s), that radical’s property is regarded as ‘ambiguous’. 
For example, radical 爪 /zaau2/, claws can be phonetic radical of character 抓 /zaau2/, 
grab and semantic radical of character 爬/paa4/, climb. The property of radical 爪 will be 
ambiguous. 
Property of a radical may change across grades, as the number of characters learnt 
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increase. Take 爪 as an example again, character 爬 is learnt in primary 1 while 抓 is learnt 
in primary 2. Therefore in primary 1, 爪 has ‘property’ of absolute semantic. When children 
promote to primary 2 and learn the character 抓, the ‘property’ of 爪 changed to ambiguous.  
For ambiguous radicals, two indexes of ‘type phonetic dominance’ and ‘token phonetic 
dominance’ are calculated to represent quantitatively the degree of ambiguity of a radical. 
‘Type phonetic dominance’ is calculated by the formula ‘type_pho ÷ (type_pho + 
type_sem)’. ‘Token phonetic dominance’ is calculated by the formula ‘token_pho ÷ 
(token_pho + token_sem)’. The indexes approach zero when the property of that radical is 
more semantic while it approaches one when the radical is more phonetic in property. Take 爪 
/zaau2/, claws as an example, in primary 6, it has ‘type_pho’ =1 (爪 can be phonetic radical 
of one character 抓 /zaau2/, grab) and ‘type_sem’ =1 (爪 can be semantic radical of one 
character 爬 /paa4/, climb ‘Type phonetic dominance’ is 1/(1+1) = 0.5. In primary 6, 抓 
appears 48 times and 爬 appears 82 times, ‘Token phonetic dominance’ is 48/(48+82) = 0.37.  
 
Diagram III. Layout of Radicals of Primary School Chinese 
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Results 1 
1109 different radicals were identified as records of Radicals of Primary School Chinese 
(RPSC) among 3841 characters in Hong Kong Corpus of Primary School Chinese (HKCPSC) 
(Leung & Lee, 2002),. The distribution of radical properties is listed in Table IV. For 
ambiguous radicals, the ‘type phonetic dominance’ and ‘token phonetic dominance’ across 
grades are summarized in Graph V and Graph VI respectively.  
Phonetic-semantic compound characters can be categorized into four types, which are 
formed by combining radicals with property of: (1) absolute phonetic and absolute semantic; 
(2) absolute phonetic and ambiguous; (3) absolute semantic and ambiguous; and (4) 
ambiguous and ambiguous. The distribution of four categories of phonetic-semantic 
compound characters is listed in Table VII. The positions of radicals with different properties 
were summarized in the Table VIII. 
 
Table IV. Number and percentage (in brackets) of radicals with different properties across grades 
 P1  P2  P3  P4  P5  P6 
Absolute 
Phonetic 
489 (80.3%)   650 (83.2%)   752 (84.2%)   851 (85.0%)   915 (85.5%)   952 (85.8%)  
Absolute 
Semantic 
97 (15.9%)   95 (12.2%)   98 (11.0%)  98 (9.8%)   96 (9.0%)   96 (8.7%)  
Ambiguous 23 (3.8%)  
 
36 (4.6%)  
 
43 (4.8%)  
 
52 (5.2%)  
 
59 (5.5%)  
 
61 (5.5%)  
     
Total 609  781  893  1001  1070  1109 
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Graph V. Type phonetic dominance of ambiguous radicals across grades 
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Graph VI. Token phonetic dominance of ambiguous radicals across grades 
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Table VII. Number and percentage (in brackets) of characters varied in combination of radicals 
across grades 
 P1  P2  P3  P4  P5  P6  
absolute phonetic + 
absolute semantic  
664 (78.2%)  961 (73.3%)  1251 (71.7%)  1490 (68.3%)  1600 (62.8%)  1705 (61.1%)  
absolute phonetic + 
ambiguous  
140 (16.5%)  265 (20.2%)  375 (21.5%)  536 (24.6%)  760 (29.9%)  889 (31.9%)  
absolute semantic + 
ambiguous  
31 (3.7%)  64 (4.9%)  88 (5.0%)  106 (4.9%)  122 (4.8%)  127 (4.6%)  
ambiguous + 
ambiguous  
14 (1.6%)  21 (1.6%)  30 (1.7%)  49 (2.2%)  64 (2.5%)  69 (2.5%)  
Table VIII. Number and percentage (in brackets) of radicals with different positions 
 Absolute Phonetic Absolute Semantic Ambiguous 
Left 159  ( 7.9 %)  1171 ( 58.3 %)  679 ( 33.8 %)  
Right 1719 ( 85.5 %)  120 ( 6.0 %)  172 ( 8.6 %)  
Top 355 ( 45.7 %)  337 ( 43.4 %)  84 ( 10.8 %)  
Bottom 360 ( 48.0 %)  192 ( 25.6 %)  198 ( 26.4 %)  
Inside 22 ( 66.7 %)  2 ( 6.1 %)  9 ( 27.3 %)  
Outside 5 ( 20.0 %)  8 ( 32.0 %)  12 ( 48.0 %)  
Others 24 ( 100 %)  0 ( 0 %)  0 ( 0 %)  
 
Discussion 1 
Radical property is relatively absolute. The percentage of radicals with ambiguous 
property is minor, ranging from 3.8% in primary one to 5.5% in primary six (see Table IV). 
Among radicals with ambiguous property, although type phonetic dominance did not show 
clear pattern (see Graph V), token phonetic dominance showed a bi-nodal pattern in two 
extremes (see Graph VI). The above results indicated that among the majority of radicals that 
primary students come across, each radical only appears as either phonetic or semantic 
radical. Effect of variation of radical property in different characters may be insignificant. 
This suggested the possibility that upon repeated exposure to characters, readers may 
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categorize radicals into categories of ‘phonetic’ and ‘semantic’. And the uncertainty of that 
categorization only applies to minority of radicals. And there is the possibility of 
miscategorization of ‘ambiguous’ radicals with their ‘token phonetic dominance’ near the 
extreme values 1 and 0 as ‘phonetic’ or ‘semantic’ respectively. 
The number and percentage of radicals with ‘ambiguous’ property gradually increase 
across grades. This indicates in lower grades, the effect ambiguity of radical property is 
smaller. Less confusion in radical property is expected. This could help students to categorize 
radicals more easily.  
Considering character level, the effect of ambiguous radical property is even more 
insignificant. Majority of the characters learnt in primary school is constructed from two 
radicals with absolute property (See Table VII). Only 1.6% of characters in primary one to 
2.5% of that in primary six are constructed from two radicals with ambiguous property. For 
characters constructed from radicals with one absolute and one ambiguous in property 
(absolute phonetic + ambiguous or absolute semantic + ambiguous), there is a possibility that 
readers may deduce the property of the ambiguous radical from the absolute radical. For 
example, 旺 /wong6/, nice and bright has absolute semantic radical 日 /jat6/, sun and 
ambiguous radical 王/wong4/, king. Readers may identify the absolute semantic radical 日 
and deduce the remaining radical as phonetic radical in the case. However, information in the 
analysis of database cannot provide confirmation to the hypothesis.  
Positional consistency also plays an important part in radical property identification. For 
left-right configuration, the majority of phonetic-semantic compound characters, semantic 
radicals mostly appear on left side while phonetic radicals mostly appear on right side (See 
Table VIII). The effect of positional consistency is less significant in top-bottom 
configuration due to more evenly-distributed of absolute phonetic and semantic radicals and a 
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larger proportion of ambiguous radicals. Bottom part of the characters will be more likely to 
be phonetic. For enclosed configuration, phonetic radicals mostly appear inside. Chinese 
readers may use positional consistency to identify the property of radicals. For example, 楓 
/fung1/, maple has radicals 木 /muk4/, wood and 風 /fung1/, wind. Readers may identify the 
right part as phonetic radical. Information in the analysis of database cannot give any clue to 
answer the hypothesis.  
At the point, radical property and positional consistency are two possible factors 
identified to be involved in the identification of radicals in phonetic-semantic compound 
characters. However, the identification process was still unexplored. To answer the question 
‘How do Chinese readers identify phonetic and semantic radicals from compound 
characters?’, behavioral data from Chinese readers will be needed. It testifies the empirical 
analysis of information in database and provides confirmation to the above hypotheses.  
 
Methodology 2 – Behavioral Data Analysis 
Participants 
36 subjects (20 male and 16 female) with age 18-24 (mean=21.3) were recruited as 
participants. They were educated in Hong Kong mainstream primary schools. Adult 
participants were chosen to have mature reading ability to identify radicals from 
phonetic-semantic compound characters. 
Design 
A repeated-measure design was used. There were two within-participant factors, task 
with 2 levels (phonetic identification task, semantic radical identification task) and category 
with 7 levels (7 categories of pseudo-characters)  
Procedure 
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Two tasks (phonetic radical identification and semantic radical identification) were 
designed to investigate the process of ‘identification of radicals’ (See Diagram I.). 
Pseudo-characters with left-right structures were shown through a computer monitor using 
computer program ePrime. During phonetic radical identification, participants were 
instructed to identify which part (left or right) is the phonetic radical of the character. During 
semantic radical identification, participants were instructed to identify which part (left or 
right) is the semantic radical of the character. They will be instructed to respond as fast and as 
accurate as possible. Response pattern and response time were recorded by ePrime for further 
analysis. 
The task was chosen to avoid reading of characters. Confounding factors from the 
application of regularity and consistency rules can be removed. Pseudo-characters were used 
to avoid personal knowledge about different characters and effect of frequency of characters 
confound the experiment results. Left-right structure was chosen as majority of 
phonetic-semantic compound characters are in such structure (Leung & Lee, 2002).   
Materials 
Pseudo-characters were constructed by combining two radicals. Fourteen radicals from 
each property (absolute phonetic, absolute semantic, and ambiguous) were selected from 
RPSC. Half of the radicals in each property have dominant existing position on left and half 
of them have dominant existing position on right. (For example, radical 象/zoeng6/, elephant 
exist in characters 橡 /zoeng6/, oak; 像 /zoeng6/, to resemble; and 豫 /jyu6/, to hesitate. 
The dominant existing position of radical 象 is the right side). Each radical is pronounceable 
and with type frequency higher or equal to 3 according to RPSC. The selected radicals were 
randomized to pair up to construct pseudo-characters with left-right structure. The radicals 
were in their dominant existing position to make the pseudo-characters more alike real 
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characters. To have pseudo-characters with all combinations of radical properties and 
positions, 7 categories of pseudo-characters were constructed. (see table IX).  
 
Table IX. Seven categories of pseudo-characters used in the experiment 
For phonetic and semantic radical identification tasks, each had 57 trials, 7 
pseudo-characters from each category and 8 real characters as fillers. Participants were 
instructed to sit in front of the monitor and put their hands on a mouse pad with left pad right 
buttons. Before the phonetic radical identification task, the examiner explained to the 
participant that phonetic radical was the part that provides clue to the character’s 
pronunciation and the participant was asked to identify phonetic radicals from the 
pseudo-character shown. Similarly, before the semantic radical identification task, the 
examiner explained to the participant that semantic radical is the part that provides clue to the 
character’s meaning and participants was asked to identify the semantic radicals. Half of the 
participants underwent the phonetic task first and half of them underwent the semantic task 
first to balance the effect of task order.  
When the experiment starts, a fixation cross will be shown at the middle of the monitor 
for 300 ms. The cross disappears and the target pseudo-character or characters will appear at 
random order. Participants pressing the left button in a mouse pad to indicate that left part 
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was chosen as the response while pressing the right button indicate the choice was right. 
Response pattern was recorded for each trial. Response time calculated as the duration 
between the disappearance of the fixation cross to the pressing of any of the button on the 
mouse pad, was timed by the program ePrime from. A practice block of 10 real characters 
was administered to familiarize the participants with the task and to make sure that they 
understood what phonetic and semantic radicals are. Only those participants who scored more 
than 80% accuracy in the practice trial were allowed to proceed with the experiment.  
Hypotheses and Expected Results 
From the analysis of database (part 1), radical property and positional consistency were 
recognized to be possible factors involved in the radical identification process. Three 
hypotheses were developed to describe the process.  
(A) Readers identify radicals from phonetic-semantic compound characters by using 
radical property only. Readers are hypothesized to categorize radicals into groups according 
to their property. Each radical is coded with its property and they can identify them using 
previous knowledge on the radicals. The expected response patterns will be predicted as that 
in Table X. And readers may deduce the property of the ambiguous radical from the identified 
absolute radical. If this is possible, the expected response patterns will be predicted as that in 
Table XI. 
 
Table X. Expected response pattern for readers using radical property during radical 
identification. (Hypothesis A-i) 
Category Left Right 
Phonetic Task Semantic Task 
Left Right Left Right 
1 absolute phonetic  absolute semantic  100% 0% 0% 100% 
2 absolute semantic  absolute phonetic  0% 100% 100% 0% 
3 absolute phonetic  ambiguous  100% 0% ? ? 
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4 ambiguous  absolute phonetic  0% 100% ? ? 
5 absolute semantic  ambiguous  ? ? 100% 0% 
6 ambiguous  absolute semantic  ? ? 0% 100% 
7 ambiguous  ambiguous  ? ? ? ? 
 
Table XI. Expected response pattern for readers using radical property during radical 
identification. (Hypothesis A-ii) 
Category Left Right 
Phonetic Task Semantic Task 
Left Right Left Right 
1 absolute phonetic  absolute semantic  100% 0% 0% 100% 
2 absolute semantic  absolute phonetic  0% 100% 100% 0% 
3 absolute phonetic  ambiguous  100% 0% 0% 100% 
4 ambiguous  absolute phonetic  0% 100% 100% 0% 
5 absolute semantic  ambiguous  0% 100% 100% 0% 
6 ambiguous  absolute semantic  100% 0% 0% 100% 
7 ambiguous  ambiguous  ? ? ? ? 
(B) Readers identify radicals from phonetic-semantic compound characters by using 
position consistency only. Readers are hypothesized to identify right part as phonetic radicals 
and left part for semantic radicals for all characters. The expected response pattern will be 
predicted as that in Table XII.  
 
Table XII. Expected response pattern for readers using positional consistency during radical 
identification. (Hypothesis B) 
Category Left Right 
Phonetic Task Semantic Task 
Left Right Left Right 
1 absolute phonetic  absolute semantic  0% 100% 100% 0% 
2 absolute semantic  absolute phonetic  0% 100% 100% 0% 
3 absolute phonetic  ambiguous  0% 100% 100% 0% 
4 ambiguous  absolute phonetic  0% 100% 100% 0% 
5 absolute semantic  ambiguous  0% 100% 100% 0% 
6 ambiguous  absolute semantic  0% 100% 100% 0% 
7 ambiguous  ambiguous  0% 100% 100% 0% 
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(C) Readers identify radicals from phonetic-semantic compound characters by using 
radical property and position consistency at the same time. It will be a combination of either 
(A-i) and (B) or (A-ii) and (B). When radical property and positional consistency converge to 
the same decision, readers may identify the radical effectively, such as in the case of 
pseudo-character category 2. On the other hand, when radical property and positional 
consistency diverge to the different decisions, such as in the case of pseudo-character 
category 1, reader will be hindered from the decision.  
 
Results 2 
Four participants’ results were excluded because of failing to reach 80% accuracy twice 
in the practice block of identifying semantic radicals of real characters. The response pattern 
and response time of the remaining 32 participants were computed and summarized in table 
XIII and XIV respectively.  
 
Table XIII. Mean and standard deviation of response pattern in the experiments 
Category Left Right 
Phonetic Task Semantic Task 
Mean SD Mean SD 
Left Right  Left Right  
1 absolute phonetic  absolute semantic  38% 62% 22.7% 61% 39% 26.0% 
2 absolute semantic  absolute phonetic  5% 95% 8.6% 94% 6% 13.0% 
3 absolute phonetic  ambiguous  27% 73% 17.9% 58% 42% 23.9% 
4 ambiguous  absolute phonetic  3% 97% 6.7% 94% 6% 14.9% 
5 absolute semantic  ambiguous  13% 87% 15.3% 89% 11% 15.4% 
6 ambiguous  absolute semantic  18% 82% 15.0% 80% 20% 19.5% 
7 ambiguous  ambiguous  7% 93% 9.6% 86% 14% 19.9% 
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Table XIV. Mean and standard deviation (in brackets) of response time (ms) in the experiments 
Category Left Right Phonetic Task Semantic Task 
1 absolute phonetic  absolute semantic  1565 (732) 1681 (815) 
2 absolute semantic  absolute phonetic  1169 (452) 1319 (599) 
3 absolute phonetic  ambiguous  1702 (943) 1708 (691) 
4 ambiguous  absolute phonetic  1094 (401) 1263 (479) 
5 absolute semantic  ambiguous  1327 (479) 1401 (559) 
6 ambiguous  absolute semantic  1387 (593) 1528 (1027) 
7 ambiguous  ambiguous  1257 (554) 1470 (778) 
Response Pattern 
Overall analysis on the dependent variable response pattern (percentage of ‘left’ 
response) was conducted, with task and category of pseudo-characters as within-subject 
factors. Main effects of task [F(1,31) = 440.6, p<0.001] and category [F(6,186) = 2.4, 
p<0.05].are significant. Participants choose more right as their response in phonetic task and 
choose more left as their response in semantic task. The interaction effect between task and 
category is significant [F(6,186) = 50.5, p<0.05]. Post-hoc Turkey HSD test was performed 
to compare differences among seven categories. The response pattern in all categories of 
semantic task is significantly different from that in all categories of phonetic task [p<0.05]. 
And within each task, the result of post hoc test is listed in table XV, table XVI.  
Table XV. p value of post-hoc Turkey HSD test result on response pattern of phonetic task
3
 
Category 1 2 3 4 5 6 7 
1   0.000 0.180 0.000 0.000 0.000 0.000 
2 0.000   0.000 1.000 0.788 0.049 1.000 
3 0.180 0.000   0.000 0.010 0.457 0.000 
4 0.000 1.000 0.000   0.376 0.006 0.997 
5 0.000 0.788 0.010 0.376   0.983 0.983 
6 0.000 0.049 0.457 0.006 0.983   0.236 
7 0.000 1.000 0.000 0.997 0.983 0.236   
                                               
3 For Table XV, XVII, XVII and XIII, categories 1 – 7 represent seven categories of pseudo-characters used in 
the experiment (may refer to Table IX). 
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Table XVI. p value of post-hoc Turkey HSD test result on response pattern of semantic task 
Category 1 2 3 4 5 6 7 
1   0.000 1.000 0.000 0.000 0.000 0.000 
2 0.000   0.000 1.000 0.992 0.015 0.630 
3 1.000 0.000   0.000 0.000 0.000 0.000 
4 0.000 1.000 0.000   0.982 0.015 0.630 
5 0.000 0.992 0.000 0.992   0.457 1.000 
6 0.000 0.015 0.000 0.015 0.457   0.967 
7 0.000 0.630 0.000 0.630 1.000 0.967   
Response Time 
Overall analysis on the dependent variable response time was conducted, with task and 
category of pseudo-characters as within-subject factors. Main effect of category is significant 
[F(6,186) = 17.22, p<0.001]. Main effect of task is insignificant [F(1,31) = 2.57, p>0.05]. 
The interaction between task and category is also insignificant [F(6,186) = 0.86,p>0.05]. 
Post-hoc Turkey HSD test was performed to compare differences among seven categories. 
The result is listed in table XVII.  
 
Table XVII. p value of post-hoc Turkey LSD test result on response time  
Category 1 2 3 4 5 6 7 
1  0.000 0.870 0.000 0.001 0.146 0.001 
2 0.000   0.000 0.924 0.520 0.018 0.524 
3 0.870 0.000   0.000 0.000 0.002 0.000 
4 0.000 0.953 0.000   0.067 0.000 0.067 
5 0.001 0.520 0.000 0.067   0.783 1.000 
6 0.146 0.018 0.002 0.000 0.783   0.779 
7 0.001 0.524 0.000 0.068 1.000 0.779   
Discussion 2 
The results of response pattern and response time could be summarized in Table XVIII, 
arranging from category with most to least of right response during phonetic radical 
identification task and from that of most to least of left response during semantic radical 
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identification task; and arranging from category with shortest response time to the longest 
response time.  
 
Table XVIII. Arranged results of response pattern and response time
4
 
Phonetic Task Semantic Task 
Category RP (Right) Category RT (ms) Category RP (Left) Category RT (ms) 
4 97% 4 1094 4 94% 4 1263 
2 95% 2 1169 2 94% 2 1319 
7 93% 7 1257 5 89% 5 1401 
5 87% 5 1327 7 86% 7 1470 
6 82% 6 1387 6 80% 6 1528 
3 73% 1 1565 1 61% 1 1681 
1 62% 3 1702 3 58% 3 1708 
The results of both response pattern and response time supported the hypothesis (C), 
with combination of hypothesis (A-ii) and (B). Readers identify radicals from 
phonetic-semantic compound characters by using radical property and position consistency at 
the same time.  
Categories 2, 4, and 5 were having radical property and positional consistency converge 
to the same decision. Response patterns and response times of these three categories (2 vs 4, 
2 vs 5 and 4 vs 5) were having no significant differences [p>0.05] in both phonetic and 
semantic radical identification tasks (See Table XIV, XV and XVI).  
Categories 1, 3 and 6 were having radical property and positional consistency diverge to 
the opposite decisions. For categories 1 and 3, significant differences [p<0.05] were observed 
when comparing with categories 2, 4 and 5 in all combinations for response pattern and 
response time in both tasks (See Table XIV, XV and XVI). Compared to categories 2, 4 and 5, 
categories 1 and 3 were having less ‘right’ response for phonetic radical identification task 
and having less ‘left’ response for semantic radical identification task. And categories 1 and 3 
                                               
4 RP stands for Response Pattern and RT stands for Response Time.  
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were also having longer response times in both tasks. For category 6, significant differences 
[p<0.05] were observed when comparing with categories 2 and 4 in all combinations for 
response pattern and response time in both tasks (See Table XIV, XV and XVI). Compared to 
categories 2 and 4, categories 6 was having less ‘right’ response for phonetic radical 
identification task and having less ‘left’ response for semantic radical identification task. And 
category 6 was also having longer response times in both tasks. 
For category 7, where no information is provided from radical property, participants 
mainly identify radicals using positional consistency only. The response pattern in this 
category was mainly having ‘right’ response for phonetic radical identification task and 
having ‘left’ response for semantic radical identification task. 
The results suggested that Chinese readers can deduce an unknown property of radical 
from another radical with absolute property. It implies for characters with at least one radical 
with absolute property, readers may identify the property of both radicals. From the analysis 
of Radicals of Primary School Chinese (RPSC), primary six children should be able to 
identify phonetic and semantic radicals of 97.5% of phonetic-semantic compound characters 
that they come across in textbooks. 
Combining the results above, Chinese readers identify phonetic and semantic radicals 
from compound characters using both radical property and positional consistency to make 
their decision. When the reader comes across a novel radical, he or she may use information 
from the counterpart radical in that character to deduce the property of it. When no 
information can be obtained from the radical property of both radicals in the character, in 
similar case of pseudo-character category 7 in the experiment or both radicals are novel to the 
reader, he or she may use positional consistency in the identification process.  
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Limitation  
The database analysis only included characters learnt in Hong Kong primary schools. To 
capture the full picture of all Chinese characters, other corpus analysis may be needed to 
compare and confirm the result of the current study.  
The experiment only included semantic radicals that are pronounceable. The proportion 
of pronounceable semantic radical among semantic radical is unknown and unavailable in the 
current databases. The issue may be taken into consideration for further studies.  
The experiment only included Chinese compound characters with left-right structure. 
Similar experiment on compound characters with other structures, such as top-bottom 
structure, is needed to confirm the hypothesis on the identification process.  
Conclusion 
Identification of phonetic and semantic radicals is an important step to efficiently learn 
the pronunciation and meaning of the enormous amount of phonetic-semantic compound 
Chinese characters. Analysis from database suggested that radical property is relatively 
absolute and readers may categorize radicals upon exposure to different characters during 
developmentally growth. Positional consistency also suggest radical property, the extent 
depends on different configuration. Behavioral data suggested readers are possibly using 
radical property and positional consistency at the same time to help them to perform the 
identification. When radical property and positional consistency converge to the same choice, 
response pattern will be more predictable and response time will be shorter. When radical 
property and positional consistency diverge to the different choices, response pattern will be 
less predictable and response time will be longer.   
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